The Egyptian government introduced wheat-flour fortification with iron and folic acid to reduce the incidence of neural tube defects, but suspended it for technical reasons. We previously developed novel legume foods with enhanced folate content. In this study, we investigated the efficacy of 12-week intervention with folate-enhanced foods versus folic acid supplement in improving folate status in Egyptian women. A randomized, parallel intervention trial with two active groups (n = 19, n = 18) and one blinded control group (n = 20) was executed over 12 weeks. Volunteers received either germinated legume foods and orange juice (≈250 μg/d folate) or folic acid supplement (500 μg/d) or apple juice (0 µg/d folate). Folate status was assessed by erythrocyte and plasma folate and total homocysteine (tHcy) at day 0, and after 8 and 12 weeks of intervention. After 12 weeks, mean plasma folate increased by 14 (P < 0.0001) and 12 (P < 0.0001) nmoL in the folic acid and food group, respectively. Erythrocyte folate concentration increased in the folic acid group from 614 to 912 (P < 0.0001) and in the food group from 631 to 914 nmoL (P < 0.0001). After 12 weeks, 90% of subjects in the folic acid group and 70% in the food group had erythrocyte folate concentrations exceeding 906 nmol/L. tHcy concentration was decreased by 20% (P = 0.007) and 18% (P = 0.006) in the folic acid and food group, respectively, but remained unchanged in the control group during intervention. Folate-enhanced foods effectively improve folate status in women of reproductive age. These foods could be used as a complement to folic acid fortification.
Introduction
Dietary folate is of interest due to its protective role against fetal abnormalities such as neural tube defects (NTD) [1] . Mandatory folic acid fortification of cereal grain foods has been implemented in several countries, e.g. US [2] , Canada [3] and Chile [4] , to cover the daily recommended folate intake. Folic acid fortification effectively improves folate status [4] [5] [6] and reduces the prevalence of neural tube defects [1] [7] . In intervention studies, folate-rich foods are also reported to improve folate status [8] [9] [10] .
The Egyptian public health authorities previously introduced mandatory folic acid and iron fortification of the subsidized wheat flour used for making baladi bread (type of pita bread) [11] , with the aim of reducing the incidence of NTD (currently estimated at 4.5/1000 pregnancies; [12] ) and the prevalence of anemia (estimated to affect 30% -50% of women of reproductive age; [13] ). The Egyptian folic acid fortification program was repeatedly interrupted for technical reasons and therefore, additional strategies for improving folate intake in the Egyptian population are required.
Legumes are recognized as important food sources of folate, while germinated legumes are reported to be an even richer folate source [14] . In previous work [15] , we developed new candidate functional foods with increased folate content that are suitable for the contemporary Egyptian diet, such as germinated canned faba beans and cookies baked with germinated chickpea flour. The aim of the present study was to investigate the effects of regular consumption of these novel folate-rich foods, in comparison with a folic acid supplement, on folate status.
Study Design and Methods

Subjects
Sixty-two apparently healthy women of reproductive age (19 -32 years) were recruited in February 2013, from the student and staff population at Mansoura University, Mansoura, Egypt, and the surrounding community. After recruitment (n = 62), one subject withdrew from the folic acid group before the intervention started and two subjects each from the food and control groups withdrew after 8 weeks of the study. Subjects were deemed eligible for inclusion if the following criteria were met: no history of acute or chronic disease, no use of vitamin or mineral supplements or folic acid-fortified foods (within the past month), body mass index (BMI) >18 and <30 kg/m 2 , no medication interfering with folate metabolism (e.g., antiepileptic drugs, antibiotics, methotrexate, sulfasalazine, or anticonvulsants), non-smokers, not consuming a special diet (vegetarian), and no pregnancy, planned conception, or lactation. For inclusion in the trial, a normal biochemical range was required for fasting plasma glucose, iron status (hemoglobin, serum ferritin), liver status (aspartate transaminase, alanine transaminase, and γ-glutamyl transferase activity), lipid profile (triglycerides, LDL, HDL), folate status (plasma and erythrocyte folate), plasma total homocysteine (tHcy), and vitamin B-12. To prevent accidental consumption of folic acid-fortified bread during the course of the trial, all participants were given baladi bread from a private bakery (baked using non-subsidized, unfortified flour, extraction rate 82%). The subjects were asked not to donate blood one month prior to and during the intervention. The study was approved by the Institutional Review Board of the Faculty of Nursing, Mansoura University. A signed informed consent form was obtained from all subjects after informing them about the study.
Study Design
The study was designed as a randomized, controlled, parallel intervention trial with two active groups and one blind control group and ran for 12 weeks (March to June, 2013). For an increase in erythrocyte folate concentrations of 50 nmol/L with 80% power (2-sided P < 0.05) [16] , 14 subjects had to complete each intervention diet, as calculated from the standard deviations (50 nmol/L) of another intervention trial with similar doses [10] . Subjects were randomly assigned into groups by using a block design based on screening concentrations of erythrocyte folate. One active food group (n = 19; called "food folate group") consumed folate-rich foods: germinated canned faba beans, chick pea cookies and orange juice (providing an additional 250 μg folate/d); the other active folic acid group (n = 18; called folic acid group) consumed a folic acid supplement (500 μg/d); and the blind control group (n = 20; called control group) received placebo apple juice containing no folate or folic acid (0 μg folic acid/d) ( Table 1 ) in addition to their freely chosen diet.
Intervention Foods and Supplement
Germinated canned faba beans were produced in a single batch at the Harvest Foods Company (6th October City, Giza, Egypt). Dried faba beans were soaked and germinated for 48 h and thereafter canned [15] . The resulting product contained 45 ± 2.3 μg folate/100g fresh weight. Cookies were produced in a single batch at The Egyptian Company for Foods, "BiscoMisr" (Alexandria, Egypt) by replacement of the wheat flour with 40% germinated chickpea flour. A 100 g portion of these bio-fortified biscuits provides 85 ± 5 µg folate, compared with 15 µg/100g in normal cookies (produced from white wheat flour, extraction rate 72%). Orange juice (containing 37 ± 2 µg folate/100mL) and apple juice (0 µg folate) were each produced in a single batch at The Egyptian Canning Company "Best" (Dakahlia, Egypt), packed in individual portions (240 mL) and stored at 4˚C. Baladi bread baked from non-fortified wheat flour (extraction rate Subjects in the active food group were asked to replace the ordinary faba bean meal with the new product (germinated canned faba beans). The 200 g/day portions of canned faba beans (tin containing 150 g bean solids and 50 mL canning medium) were warmed, mashed and eaten as bean stew (traditional Egyptian dish "foul") with bread ( Table 1 ). The cookies (100 g/day, one box) and 245 mL orange juice (one package/day) were to be consumed at any time of the day. Subjects in the active folic acid group were asked to eat one folic acid tablet daily. The supplement containing 500 µg folic acid was the lowest available commercial dose in Egypt. In the control group, subjects were given 240 mL apple juice (Table 1) , and were asked to consume it with their habitual diet. All participants were asked to replace any subsidized baladi bread with baladi bread (provided with the other foods) made from non-fortified flour during the 12 weeks of the intervention study. Participants were asked to record deviations from the diet, in particular regarding the amount of intervention foods, in a daily record, together with any medication or sickness during the intervention and their background diet.
Blood Collection and Sample Preparation
At day 0, 8 and 12 weeks, venous blood samples were collected by qualified nurses from subjects after overnight fasting (9 h) in 3.0-mL EDTA, heparin, and fluoride vacutainers (all GD Vacutainers; Zhejiang Gongdong Medical Technology Co., Ltd.). Blood samples drawn into EDTA vacutainer tubes were used for measurement of folate status (erythrocyte folate, plasma folate, plasma tHcy), hematocrit, and hemoglobin. Heparin blood tubes were used for liver status, plasma cobalamin, and ferritin determination.
Fluoride blood tubes were used for blood glucose determination.
Assessment of Dietary Folate Intake before and during the Study
In order to estimate dietary folate and energy intake, all participants were asked to complete a food-frequency questionnaire (FFQ, one month recall) comprising 85 items at screening, at baseline (day 0), and every 4 weeks during the study. Dietary folate intake was estimated using the USDA database (http://ndb.nal.usda.gov) as no national food composition data for folate is available. For foods, for which no data were available in the US database, folate data determined by HPLC [17] were used. Energy was calculated using national food composition data [18] . The analyzed folate content of the intervention foods [15] was used to calculate folate doses during the intervention.
Analytical Methods
Quantification of Folate Content in Intervention Foods
Folate content in intervention foods was analyzed in duplicate every 4 weeks through-out the trial using HPLC-UV/FLD detection [17] . Food samples were extracted using tri-enzyme treatment for beans and di-enzyme treatment for bread, juice, and cookies. After purification, folates were quantified using RP-HPLC-UV/FLD (Shimadzu LC10, Kyoto, Japan) after separation on an Aquasil C18 column ( Erythrocyte folate concentration was calculated from the measured whole blood folate concentration, adjusted for red blood cell volume and corrected for plasma folate concentration (according to the manufacturer's guidelines). For the determination of plasma folate, blood samples were immediately placed on ice and centrifuged within 60 min at 3000 g for 10 min at 4˚C. Plasma was separated and stored at −20˚C until analysis within one week. Plasma total homocysteine was quantified using an automatic biochemistry analyzer BT1500 (Biotecnica Instruments SpA, Rome, Italy).
Statistical Analysis
Data on clinical samples and food folate were expressed as mean ± SD. The absolute values for folate status and tHcy were not normally distributed, while the changes in erythrocyte folate, plasma folate, tHcy from day 0 to week 12 were normally distributed.
A normality test was performed using SAS. One-way ANOVA on log-transformed data was used to analyze changes in erythrocyte folate, plasma folate, and tHcy from day 0 to week 8 or week 12. Student's t-tests with a significance level of P < 0.05 were used to analyze differences in endpoint response between the active intervention groups and the control group. The responses of folate biomarkers (erythrocyte folate, plasma folate, tHcy) to treatments were also analyzed by within-between repeated measures ANOVA (intervention group as between-factor and different time points as within-factor). All statistical analyzes were carried out using SAS software (SAS 9.1, SAS institute Inc.
Cary, NC, USA).
Results
Subjects and Characteristics
Screening results were used as a baseline (d 0) (as the time between the recruiting and the beginning of the study was only ≈2 weeks). The baseline characteristics did not differ significantly between groups (mean age 22 y, mean BMI 24 kg/m 2 ; Table 2 ). Body [18] . **Folate content analyzed in the laboratory by HPLC. ***According to supplier information of tablets. ****Mean folate intake of the habitual diet was estimated using FFQs and folate data from the USDA database (http://ndb.nal.usda.gov). Screening data were used as baseline (d 0) as the time between the recruiting and the beginning of the study was only ≈2 weeks.
weight and estimated energy intake was maintained throughout the study, with changes within 5% of baseline values in all subjects (data not shown), which indicated that the subjects did not change their habitual consumption pattern and energy intake during the intervention period. Estimated folate intake based on FFQs did not differ significantly over the 12-week intervention period for the control group. In the food group, the average folate intake at baseline was estimated to 195 ± 50 µg/d (calculated by FFQ) which theoretically increased by 250 µg/d, based on analytical data on folate content in the intervention foods (germinated canned faba beans (75 µg/d), cookies (85 µg/d), and orange juice (90 µg/d) ( Table 1 ). In the folic acid group, the level of folate intake from food at baseline was 220 ± 30 µg/d (calculated by FFQ), which was increased during the intervention by 500 µg/d folic acid from the supplement during intervention ( Table 1 ). The baseline concentrations of fasting blood glucose, iron and liver status did not differ significantly between all groups ( Table 2 ).
Folate Status
The baseline (day 0) concentrations of plasma and erythrocyte folate did not differ significantly between all groups (Table 2 ). However, plasma tHcy differed significantly between groups (P = 0.005). After 12 weeks of intervention, folate status (erythrocyte folate, plasma folate, and plasma tHcy) improved significantly in both active groups ( Figure 1 ). In the control group, there were no significant changes in concentrations of erythrocyte folate (P = 0.0534), plasma folate (P = 0.297), or plasma tHcy (P = 0.412) between day 0, 8 weeks and 12 weeks. Mean erythrocyte folate concentration in the food group increased by 20% (P = 0.018) and 45% (P < 0.0001) after 8 and 12 weeks, respectively (Table 3, Figure 1) . At day 0, the erythrocyte folate concentration in the folic acid group was 614 nmol/L and reached 788 and 912 (P < 0.0001) after 8 and 12 weeks, respectively ( Table 3) . No significant difference in erythrocyte folate concentrations between the two active groups (food and folic acid) was observed at week 8 (P = 0.363) or week 12 (P = 0.868).
In the food group, plasma folate concentration increased from 22 nmol/L at day 0 to 27 and 34 nmol/L after 8 (P = 0.011) and 12 weeks (P < 0.0001), respectively ( Table 3 ). In the folic acid group, the increase in plasma folate was 8 and 14 nmol/L (P < 0.0001) after 8 and 12 weeks, respectively ( Table 3 ). Plasma folate concentrations in both active groups did not differ significantly between week 8 (P = 0.279) and week 12 (P = 0.821) ( Table 3 ).
The plasma tHcy concentration decreased in the folic acid group from 8.4 to 7.4 µmol/L (−12%; P = 0.226) after 8 weeks and reached 6.8 µmol/L (−20%; P = 0.007) after 12 weeks. In the food group, the tHcy concentration decreased by 1.16 µmol/L (−12%; P = 0.087) and 1.47 µmol/L (−18%; P = 0.006) after 8 and 12 weeks, respectively ( Table  3 ). The decrease in plasma tHcy did not differ significantly between the folic acid group and the food group at weeks 8 and 12 (Table 3 ). Changes from day 0 to week 12 −0.32 ± 1.6 −1.5 ± 1.7* −1.7 ± 1.5*
Values are means ± SD. The absolute values were not normally distributed, but the changes from day 0 to week 12 were. Significant difference in changes from day 0 to week 12 in the intervention groups versus changes in the control group, Student's t-test (*P < 0.01, **P < 0.001). Two-way ANOVA was applied to explore the effect of treatment and intervention time and their interaction (treatment X time) on measured folate biomarkers. There was a significant interaction between the effects of treatment and time on folate status (erythrocyte folate, plasma folate and plasma tHcy) (P ≤ 0.001).
Discussion
The results from this trial with healthy, non-pregnant women showed similar high bioefficacy of folate-rich foods as of synthetic folic acid in improving folate status. The findings from this trial and others [8] [9] [19] reporting improved folate status through non-fortified foods could be useful for health professionals in countries that have not implemented mandatory folic acid fortification because of the ambiguous role of synthetic folic acid in prevention and promotion of e.g. colorectal cancer or delayed diagnosis of vitamin B-12 deficiency. However, some previous intervention studies with non-fortified foods have reported no effects on different folate status markers [20] [21] . This discrepancy can be explained by differences in study design and the response parameters (e.g., different intervention times, folate doses and different folate status at the beginning of the study) used. In the present study, we measured three markers of folate status, namely changes in erythrocyte folate, plasma folate, and tHcy.
Erythrocyte folate concentration is considered a long-term indicator reflecting the risk of NTD pregnancies [22] [23] . In the present 12-week intervention study, a significant increase in erythrocyte folate was observed in both active groups. These results are in agreement with those of other trials [8] [9] [10] [24] [25] . At the end of the study, 90% of the subjects that had received 500 µg synthetic folic acid/d and 70% of the group that had received 250 µg food folate/d had erythrocyte folate concentrations above 906 nmol/L, the threshold associated with a reduced risk of NTDs [22] . Similarly, Öhrvik et al. [9] reported that 60% of subjects had median erythrocyte folate concentration >900 nmol/L after 12 weeks of intervention with a small dose of 125 µg folate from foods, which was half the amount of food folate ingested in the present study. Interventions using 400 or 200 µg folic acid supplements for 24 weeks have been reported to increase median erythrocyte folate to >906 nmol/L [22] . Another study [26] reported an increase in average erythrocyte folate concentration to above 906 nmol/L already after 8 weeks of intervention with a dose of 400 µg folic acid/d or 416 µg 5-CH 3 -H 4 folate/day.
The present study confirmed that folate-rich foods (providing an additional dose of 250 µg food folate/d) are as effective as synthetic folic acid supplement in increasing erythrocyte folate to a safe range above 906 nmol/L.
The results from the present 12-weeks intervention with 500 µg folic acid/d and 250 µg food folate/d showed significant mean increases in plasma folate concentration of 14 and 12 nmol/L respectively, which is much higher than the increases of 5.8 and 6.5 nmol/L reported previously in subjects receiving similar doses of 250 µg folic acid/d and 350 µg food folate/d, respectively, after only four weeks of intervention [10] . Johansson et al. [5] also reported a more modest increase in plasma folate of >4 nmol/L after 4 weeks in subjects receiving 166 and 355 µg folic acid/d from fortified breakfast rolls. However, a subsequent increase in plasma folate concentration after 8 and 12
weeks of the intervention could not be quantified due to the limited quantification range of the method, but further increased erythrocyte folate concentrations showed improved folate status of subjects [5] . Plasma tHcy can be considered a functional indicator of folate status and has been repeatedly used in studies assessing the bioefficacy of food folate and folic acid [27] [28] . It is well demonstrated that folic acid supplementation efficiently reduces tHcy concentration [5] [10] . In this study, a significant decrease in tHcy concentration of 1.7 µmol/L in the folic acid group and 1.5 µmol/L in the food folate group was observed. Similar decreases in plasma tHcy (1.5 and 1.8 µmol/L, respectively) were reported by Brouwer et al. [19] , who compared the effects of comparable doses of food folate (350 µg/d) and folic acid supplement (250 µg/d) over 4 weeks. Öhrvik et al. [9] also reported a 2.3 µmol/L decrease in tHcy after a 12-week intervention with additional 125 µg/d folate from a breakfast. However, Vahteristo et al. [6] only observed a non-significant reduction in tHcy after a 4-weeks intervention with 184 µg natural food folate and 188 µg folic acid per day. The short intervention period and the small intervention dose could explain that low response.
The potential to lower tHcy levels through dietary interventions longer than 4 weeks may be important, because elevated plasma homocysteine concentrations have been identified as an independent risk factor for cardiovascular disease [29] [30] [31] .
The quantified folate content in the intervention foods might be underestimated mainly because the sum of individual folate forms quantified by the HPLC method is generally lower than the total folate content quantified by microbiological assay [14] [32]. The selection of the intervention foods in the current trial was based on the Egyptian dietary habits [33] . Faba beans are very popular and widely consumed, commonly eaten together with baladi bread. Most (>80%) of our subjects were students and living on the campus and they received similar foods every week. They already consume faba bean stew (foul) for their habitual dinner and subjects of the food group were simply asked to replace their ordinary faba bean stew with the new product (germinated canned faba beans) and to consume the cookies and orange juice during the day. Therefore, the intervention foods did not change the subjects' habitual diet. This was confirmed by the stability of subjects' BMIs, which suggested only minor changes (<5%) in energy intake. The dietary folate intake was also constant during the intervention (10% variation). Compliance with supplementation was monitored in the folic acid group by use of a tablet calendar where subjects documented whether or not they took the tablet. Only three subjects had forgotten to take the supplements (on 3 -5 single days) throughout the intervention.
Conclusion
The high folate content of legume foods indicates that they are a good source of folate and could be candidate functional products. In this study, we have shown that the folate-rich legume foods had similar high bioefficacy in improving folate status (based on erythrocyte folate, plasma folate, and tHcy) in healthy, non-pregnant women as a folic acid supplement and might be an adequate complement to folic acid fortification.
